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HANDPIECE . FOR TIU^SlROCJOmiAL 

HEART- SYNCHRONIZED PULSED LASER SViSTEM 

. v : FIEXD OF INVENTION 

This 'ihv^htibn tb a liandpiece for dse in a 

ttansmyocardial vascnilariz^tidh heart-synchronized pulsed 
laser system, and more particularly to siich a handpiece whose 
contact surface avoids destabilization of the beating heart. 

V ' This app)iica^ related to arid incorporates herein by 

reference the follbwihdf applications having cbjouDon . inventors 
- and assignee arid filed on everi date herewith: 

WHeart-Synchi^onized l^ulsed Laser System" / by Robert i . Rudko 
and Stephen J. Liriharies (Docket No; KE-109J) ; "Long^ Pulse, 
Past Flow Laser Sy is t«n a^hd Method", by Rbbe^^ (Docket 
No. LE-llOJ); anilj "HeaxHi^Syribhronized^^y^ pulsed 
Laiser System: knd Method", by Robert I. Rudko (Docket No. 
LE-112J). 

BACKGROUNt) O^ INVENTION 
Transmyocardial revascular izatiori (TMR) is an alternative 
techriique to bypass surgery for increasing blobd flow to the 
heart muscle. It involves the jpuncturing of the heart wall 
' "with a laser to form a plurality of holes which heal on the 
outside but reiairi open on 'the inside of t^ provide 
an alternative source of blood to the heaxi: musble. This 
techhic[ue has been 'employed on a stilled heart 
using a COj laser with a hand-piece wlUch rests on the heart in 
order to ensure that the laser beam fociqi¥ occurs at the 
correct point ori thiii heart* ' Recently, a dramatic improvement 
in TMR has 'enabled this technique to^b^ beating 
heart without the need to slow or still it. This has been 
• aidcomplished with an inribvative synchronizing approach 
' disclosed in one or more of the U.S. patent applications 
listed above ^uhder Related Caseis and incorporated herein by 


WOS4rt4M3 
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re£erenc.. How««^, this has Introduced n«, pr<*lMs. A 
beatl„, h«rt is Usctrioally activ*,. the contact of a 
handpiece against the heart wall disrupts that .l«*rical 
activity and intarferes with the h«rt fpnction. terhyth-ia 
ana (iteuiation can occur and can result In heart lailure 
«>rther, any interference with the electrical field of the' 
^eart interrupts the synchronous operation of the laser so 
^TJlr^ — *^al"«a to fire at the optima 
^ with CO. lasers have a relatively sharp tip on a gauge rod 

pWoTthTh T-"" °' ^ consistently 

hea^ wai w ^^"^ ««. proper distance fro. the stilL 

l i-Pln,ei»nt. 
such a txp creates increased pressure «. the heart, which c«, 
cause arrhythmia, fibrillation, and can even puncture ^ 
Of the Further, with these handpieces it is difficult 
Sa^^nTh'e'L*"' 1 ^ ""^-^^ "i". the weU of T 

placed hples m the heart wall. 

SUMMARY OP TfiYi^rrrT-TT 
an <^ " therefore an object of this, invention to provide 
an^proved laser handpiece for a heart-synchronized pulled 
laser systea for trans»yocardial vascularization 

. l.J^y^^ ^ ^^"^^ '^^'^ this invention to provide such 
a las« handpiece Which .ore readily maintains ^''^ 
perpendicularity witl^, the wall of a beating heart 

It is a further object of this invention to provide such 

focaT iT'^^' ^'^^^^^^^^ the W 

focal point at the correct point on the heart wall. 

a lasS hInL'"'''K ."''- °' "^'^ Won :to provide such 

i^t^f ereno^ with or da^^ to th. l^ertll.'^:^ "'^^^ 
This invention results from realization that an 
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effective aind safe handpiece capable of contacting the wall of 
a beating heart to insure proper location and fochis of the 
b lasetr. I:>eaia, ^yet. xttinioiize danger , to or inter fereince with the 
. beating hearts can be achieved by focusing the laser beam in 
the vicinity of the laser beam exit: aperture at the end of the 
handpiece and providing a large, smooth, flat heart contact 
surface at that end of the handpiece to. minimize;: pressure on 
an interference with the beating heart.- 

This invention f eattores a handpiece for use in a 
transmyocardial vascularization heart-synchronized pulsed 
laser system: including a barrel having a passage for 
transmitting a laser beam. There is a surface at the distal 
end of the barrel for contacting the wall of the heart and an 
aperture: located at the distal end of the barrel 'in the 
I. enlarged surf ace for transmitting a laser beam. Thete are 
: m^ a laser beam^ proximate to ihe aperture to 

I vaporize the tissue of the heart wall to create a hol^ to the 
: interior of the heart. chamber. In ia^^p^ emi^odiifient the 

handpiece further includes means for introducing a gaS to 
purge the passage, between the aperture and the means for 
focusing,: of debris from the vaporized heart wall. There may 
also be exhaust means for for venting the debris pur^^d by the 
gas.; The barrel may be straight or m^y be kn^led arid include 
deflect ing means for redirecting the la^er b^am along the 
. angled :*ari- el. ; The deflecting means a miixor. 

. .The. contact surface, at :the distal 'ehd of the barrel is 
^ generally smooth and flat with bounded edges, an^^ is giinerally 

greater than i v cm in diameter . The gas may be^'l^ 
.. proximate the means for focusing and Exhausted piroxi^^ the 

.aperture. The beam may be focused beyond the enlarged 
. surface, within t^^ barrel or intermediately within" the 
-vv-aperture. • " ' " -y'"''. 

;.:.::] ^ . V;: ^ ^ DISCLOSURE OF PREFERRED EMBOblMENT 

: - GHther objects, ^ features and advantages will occur to 
. those skilled, in the art from the following description of a 
: .pref;erred embodiment and the accompanying drawings, in which: 
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Wg. 1 Is a three-dimensional view of a CO, surgical laser 
system employing the handpiece of this invention; 
^ ; Fig. 2 is an enlarged view of a handpiece according to 
thxs invention and a portion of the articulated optical arm 
which carries it; 

Fig. 3 is an enlarged cross-sectional View of the 
focusing lens -section of the handpiece of Figs, i and 2- 

Fig. 4 is an enlarged sectional view of the barrel of the 
handpiece of Pigs, i and 2; and 

Fig. 5 is a side elevational view with portions broken 
away Of ^ alternative form of barrel similar to that shown in. 

The handpiece of this invention for use In a 
transmyocardial revascularization heart-synchronized pulsed 
; laser system may be accomplished using a barrel having a 
, passage for transmitting a laser beam. The barrel may be 
Simply a hollow tube. There is a surface at the distL end of 
barrel for contacting the wall of the heart. This surface 
If smooth and flat so that there are no sharp edges to probe 

i^inimlze.the contact pressure between the handpiece and the 
^ wall^and minimize interference with the Uati^^. S\he 

LelZ-' "^^ ^'^^'^^^ -tivity Of the beating hea^! ■ 
Th^ handp^,ece, at least at its contact surface/ is 

Th^e'iT"' ^^^'^^---^^^-^ f'^ the same purpose. 
Tl^ '^ ^^^ 1^^-ted at the distal end of the Wel 
4n enlarged surface for transmitting a laser bea™ f-l \ 
to the^he^rt W.11. There are also someLa r L^^^ 
Mf^ bea^ proximate to th. aperture to vaporise thHlsl^; 
th.^heart wall ,nd create a hole through, the wall to thT 
interior of the heart chamber. The laser^y be focU.eI at 
near or beyond the aperture. There is an inLt JT! / 
purging gas through the passage to pLge t^ e pe:^^^^^^^^ 

xnere is one or more outlets 
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proximaite the distal end of the barrel through which: the: - ^ 
purged gas with the debris is vented. The barrel may bfe- .r 
straight: ,pr may, be angled. If it is angled there?:are suitable 
deflecting means, such, as minors or reflectors, tO; redirect 
the beam along the angled or curved barrel • Typically the 
enlarged surfjace for contacting the heart is l cm .or more in 
diameter.. • • 

There is shown in Fig. l a surgical laser system. 10 
including a power supply 12 and control panel 14 for operating 
^ laser 16, whp^e output beam is directed through§e F 

articulated arm 18 . to hemdpie^^ Handpiece. 20 may 

incluide lens \mit 22 including a lens. for focusing thei laser 
beam and a barrel. 24 which includes an aperture 26 through 
which the laser beam 28 exits. The distal end 30 of . barrel 24 
includes ,an enlarged contact surface .32 for contacting the 
wall of the heart to be perforated by the laser beam. Surf aice 
32 is relatively large to minimize the contact pressure 
between it and the heart wall, and is flat and smooth with 
rounded edges to minimize interference with thia heart. 
Stirface 32 is typically i cm or greater in diaunetery and may 
be elec?trically and thermally insulating, 

, : The focusing, unit or lens xinit ^22> Figv 3v includes a ^ 
■ threaded portion 38 for interconnection with arm 18 , and a 
threaded portion 40 jwhich interconnects with bsurrel 24; 
Carried within unit 22 is focusing lens 42 i.^^- A^ inlet tube 44 
:is joined Jby , interference fit with bore 46 arid a cylihdricai 
wall 49 of unit 22. At its free end 5 0> inlet 44 is conn^dted 
to a hose 52 which is. in turn connected to a purge-: gas soiirce 
54 which provides a gas such as cOj under gentle pressiire to 
create a backflow from lens 42 forward into barrel 24. This 
keeps any debris from the vaporization from contadting and 
obscuring or damaging lens 42. Lens 42 is positioned directly 
in line with passage 56 provided in unit 22 for propagation of 
the laser beam. Threads 40 of lens unit 22 engage with 
threads 60 of barrel 24, Fig. 4, which also includes a passage 
62 which communicates with laser aperture 26 to create a clear 
passage for the propagation of laser beam 20a to wall 66 of a 
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beating heart. Lens 42 focuses the laser beam proximate 
aperture 26 and surface 32. 

AS can be seen clearly in Fig. 4, coniiadt surface 32 is 
considerably broader than the cross-sectional area of barrel 
24 alone and is formed in the shape of a flange with surface 
32 being smooth and flat and all the edges rounded. This 
increases the area of contact with the heart, and therefore 
decreases the pressure or force per unit area on the heart, it 
also provides a more stable platform by which to maintain 
perpendicularity between the beam 28 and the heart wall 66 
Thus this construction provides the necessary precision in 
locatxng the focus of the beam on the heart wall without 
interfering with the heart operation or its electrical 
activity Barrel 24 includes vent holes 70, 72 for exhausting 
the purging gas and trapped debris away from the lens 42 and 
away from aperture 26. 

Although barrel 24 has been shown as a straight member, 
this is not a necessary limitation of the invention. For 
example, barrel 24a, Fig. 5, may include a right angle - 
configuration 80, so that surface 32a is facing at right v 

nrlil! r.'"*' '''''' °' * -"«*ive surface 82 is 

axil L t .r''^^' the beam from an incoming path parallel to 

v^t T ""^"^'"^ "^""^ ^^^^ ^« • or more 

vent holes 88 are provided for exhausting the first ga^. ^ 

^ Although specif ic features of the invention are shown in 
some .rawxngs and not .thers, this is.for convenience on^ as 
each feature may be cpmbined with any or all of the other 
features m accordance with the invention. 

other embodiments win occur to those skilled in the art 
and are within the following claims: 
What is claimed is: - 
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1. A handpiece for use in a transiayocardial 
rjeyascularization heart-rsynchronized pulsed laser system, 
conqprising.:. .;: ^a, . - 

a barrel having a passage for transmitting a laser 
,beam;... . 

a surface at the distal end of said barrel for 
contacting the wall of the heart; 

an aperture located at said distal end of said > 
barrel in said . enlarged surface for transmitting the laser 
beam; and 

means for focusing the laser beam proximate to the 
aperture to vaporize the tissue of the heart wall £md create a 
hole to the interior heart chamber. 

^ 2 . The handj>iec^^^^ 2 further ihcludihg means for 

introducing a gas to p\irge said passage between the aperture 
and said means for focusing of debris from the vaporized heart 
wall. ■ . ■- - ' 

;x:,A 3.^ of claim 1 further including exhaust 

means for venting- the debris purged by the gas^ ' 

4. The handpiece of claim i in which said barrel is 
straight. 

5. The handpiece of claim 1 in which at least said 
contact surface is electrically insulating. 

6. The handpiece of claim 1 in which at least said 
contact surface is thermally insulating. 

7. The hcuidpiece of claim l in which said barrel is 
angled and includes deflecting means for directing the laser 
beam along the angled barrel. 
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8. The handpiece of daia 7 in which said deflecting 
means includes a nirror. 

9. The handpiece of clain l in which said contact 
surface is generally smooth and flat with rouijded edges. 

10. The handpiece of clain 1 i„ which said contact 
surface is generally greater than one centimeter in diameter. 

11. The handpiece Of claim 2 in which said gas is 
introduced proximate the means for focusing. 

12. The handpiece of claim 3 in which said gas is 
exhausted proximate said aperture. 

13. The handpiece of claim 1 in which said means for 
focusing focuses the laser beam beyond said enlarged surface. 

^ 14. The handpiece of claim 1 in which said means for 
focusing focuses the laser beam within said barrel. 

■ 15. n,e handpiece of claim 1 in which said means for 
focusing focuses the laser beam in said aperture. 


SUBSTITUTE SHEET 



wo 94/143S3 


PCt/US92/11002 



INTERNATIONAL SEARCH REPORT 


KTiUsnnioaz 


A. CXASSinCATIW OF SUBJECT MATTER 
IPC(5) .:A61B 17/36 

Acconfing torlblcnutioxlll Piiteot Cfawificrtion (IK^ or to boch nalionU cUttificttion and IPC 


B. FIELDS SEARCHED 


Munramn dooangrtfaHon ■cMcfced (cJatiifipitfcio tyKtem feUowcd by rhHifintion tyiribob) 

: 606/14; 606/;. 3. 4. 5, 7, ia» 11. 12, 13, 14. 15. 16. 17. 18; 12W95. 396. 397, 398; 214/121-6. 121.62 


DooumcfllBtioaaeafGhed other than 


doeumeotatioa to the caaettthat tinh doeomeoti are indii^ 


Electronio data base conwiltBrf during the iittmwtmnal aeareh (name of data bate and, i»facrD practicable, leaich twmt wed) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category' 


Cilatioa of document, with uidiation, wfaoe appropriate, of Use lelevant 


Rdevant to claim No. 


X 
Y 


US, A, 4,850,352 (JOHNSON) 25 July 1989. See the entire 
document 

US, A, 4,757,515 (HUGHES) 12 July 1988. See the entire 
document 

US, A, 4,940,411 (VASSnJADIS ET AL.) 10 July 1990. Sec the 
oitire document 

US, A, 3,913,582 (SHARON) 21 October 1975. See the entire 
document 

US, A, 3,865,113 (SHARON ET AL.) 11 February 1975. Sec the 
entire document 


1-4, 9, u, n 
5-8, 10, 13-15 

5,6: 

7,8 

1-4, 9, 10, 11, 12 
13-15 


Fxl Blither docuihenti are Bstedm the oootmuat» Q] Sec patent fiunily ansa. 


•A* 


Of tfaewy iBilcfffyfaif aii * 


dkd » o^UiA MAIisMtfaM «r Mote ciwiqi or other 


be 


Dato of the actiial ccnnpletion of the ntenati^ 
02 FEBRUARY 1993 


Dato of inatlmg of the interoatioea] aeareh repoit 


^llMAR 1993 


Name and mailing addreas of the CA/US 


BoxKT 
Waahli«m,D .C 20231 

BmnmleNo. NOTAmJCABLH 



2 



PE1ERA;; 
fckchone Wo. 1703) 3084»58 


Fom PCTyfiA/210 (aeoopd aheeiXluly 1992}* 


IMTERNATIONAL SEARCH REPORT 


Intenatkioal appBeat»A No. 
PCT/U592/11002 


C (Cootktndoii). DOCUMENTS CON5tDElU3D TO BE RELEVANT 


Gution of documeBt* with mdiealioo. where iqipiopriate, of the nfevuit pAis^fei 


Rdevant to alam No. 


US» A, 4,266,548 (DAVQ 12 May 198L See the entire 
document 

JP, A, SS-1S3908 (SUENAGA) 01 December 1980. See the 
entire document. 


145 
1-15 


Foim PCraSA/210 (contbiutiitt of leeond iheeOCiidjr 199^ 


